The salinity of water and soil decreases the growth and yield of agricultural products. Salinity affects many physiological and morphological processes of plant by influencing soil solution osmotic potential and ion absorption and accumulation of minerals. To evaluate the effect of salinity on some physiological and morphological characteristics of the medicinal plant of Echium amoenum, an experiment was carried out with completely random design in four replications. In this study, the effect of different levels of salinity, including control (non-saline water), 3, 6, 9 and 12 dS m -1 from natural saline water was examined on root length, leaf area, dry weight of roots and shoots, also on the amount of absorption of salts Na + , K + , Cl -, Ca 2+ , Mg 2+ and the ratio of Na + /K + and Ca 2+ /Na + in root and shoot of plants and proline and total soluble sugars of leaf in the vegetative growth stage in the greenhouses. Results indicated that the application of saline water reduces significantly all morphological traits under study. Also, as the salinity increased, the density of K + , Ca 2+ and Mg 2+ and the ratio of Na + /K + and Ca 2+ /Na + in root and shoot of E. amoenum declined. In contrast, by increasing salinity, Na + and Cl -concentration in roots and shoots significantly increased. As the salinity increased, proline concentration and leaf total soluble sugars also increased significantly compared with the control. The results showed that the accumulation of proline and soluble sugars are good indicators of salinity tolerance. Results also suggest that the plant resists against salinity through osmotic adjustment and ion absorption and sharing within its cells. This process is essential for the survival of plants in saline conditions.
INTRODUCTION
Salinity is one of the important issues in world's farmlands. Annually, millions of tons of salt enter the farmlands through irrigation (Kingsbury et al., 1983) . On the other hand, by increasing population, lack of food makes pressure on the human in such a way that the demand for more food makes the men to use the saline waters and soils for agriculture and food production in not so far a future (Babaiyan and Ziatabar, 2002) . Overall, over 800 million hectares of land are salt-affected throughout the world (Munns, 2002) . Salinity induces a wide range of perturbations at the cell and whole plant levels. Salt stress results from a number of detrimental *Corresponding author. E-mail: sepanlu@yahoo.com.
processes including the toxic action of Na + and Cl -ions, the impairment of mineral nutrition, the modification in the water status of the plant tissues and secondary stresses such as an oxidative stress linked to the production of toxic reactive oxygen intermediates (Bajji et al., 1998) . Salt tolerant plants have the ability to minimize these detrimental effects by producing a series of anatomical, morphological and physiological adaptations (Hameed and Ashraf, 2008) .
Salinity damages plants mainly through the osmotic effect, the effect of specific ion toxicity and subsequently through nutritional stress (Song et al., 2009) . In order to fight with the stress effects, the plants make materials which adjust osmotic pressure and accumulate them. These materials include amino acids, sugars and hormones. Proline is among the amino acids which plays a vital role in osmotic adjustment of plant's cells. Also, by attracting the ions, the plants save their water potential in a lower level. This helps the increase of water content in plants (Zhao and Harris, 1992) . All these processes need energy and result in a decrease in plant production and performance (Hanson et al., 1999) . The reduction in plant growth under salinity is a consequence of several physiological responses including modification of water status, photosynthetic efficiency, carbon allocation and utilization (Abdul Jaleel et al., 2007) . In general, various mechanisms contribute to salt tolerance in plants, but commonly proposed mechanisms include compartment of ions in vacuoles, accumulation of compatible solutes in the cytoplasm, as well as genetic salt resistance (Girija et al., 2002) . Meloni et al. (2008) reported that resistance to salt is correlated negatively with Na + concentration and positively with K + concentration. Also, high K + /Na + in plant tissues, has been considered as an important physiological solution for salinity tolerance in some plants (Meloni et al., 2008; Song et al., 2009) . Since different plants react to salinity in different ways, therefore, the study of salinity tolerance mechanisms in plants is necessary. It is an important condition for permanent cultivation of salinity tolerant plants. Therefore, aligned with corrective measures for reviving the saline soils, introducing salinity tolerant varieties and plants breeding may be a useful and economical way for solving salinity problem (Levitte, 1980) . Echium genus has 4 species in Iran (Ghassemi et al., 2003; Mehrabani et al., 2005) and only Echium amoenum has medicinal uses. E. amoenum which belongs to Boraginaceae is a biennial or perennial herb to narrow zone of northern part of Iran and Caucasus, where it grows at an altitude ranging from 60 to 2200 m (Mehrabani et al., 2005; Sadizadeh et al., 2009) . Petals of E. amoenum has long been used as a tonic, tranquillizer, diaphoretic and as a remedy for cough, sore throat and pneumonia is known in traditional medicine of Iran as Gol-e-Gavzaban (Ghassemi et al., 2003; Mehrabani et al., 2005) . New research also shows that this plant has antidepressant effects (Saiiah et al., 2003) , analgesic (Heidari et al., 2006) and is stimulating the immune system (Amirghofran et al., 2000) .
In order to meet the ever-increasing demand of medicinal plants, for the indigenous systems of medicine as well as for the pharmaceutical industry, some medicinal plants need to be cultivated commercially, but the soil salinity and other forms of pollutions pose serious threats to plant production (Abdul Jaleel et al., 2007) .
Many investigations have already been carried out on the medicinal importance of this plant, but the salinity effects on this medicinal plant attracted a little attention. Since the identification of salinity-tolerant products and varieties and their performance with saline water is of critical importance, the present research investigates the effect of saline water on morphological and physiological specifications of E. amoenum.
MATERIALS AND METHODS
To study the effect of salinity stress due to natural saline water on some morphological and physiological traits of medicinal plant of E. amoenum in the vegetative growth stage, a pilot study with a completely random-base design in four replications was carried out in the Greenhouse of Iranian Academic Center for Education, Culture and Research (ACECR). Treatments included five levels of salinity control (non-saline water), 3, 6, 9 and 12 dS m -1 . In order to apply salinity treatment, natural saline water with electrical conductivity of 690 dS m -1 was used. Natural saline water was supplied from Huz-e-Sultan Lake in Qom, the chemical characteristics of which is presented in Table 1 . The saline water treatments were obtained from diluted natural salt water mentioned earlier.
After preparation of soil and planting seeds, the pots were irrigated by salty water in treatments of salinity and ordinary water in the control treatment up to the six-leaf stage. Irrigation was done up to field capacity in each pot, of course, along with irrigation, to reduce accumulation of salts in the root zone, water leaching was estimated and added to the irrigation water. Six weeks after salt stress, samples of each pot were taken and washed with distilled water. After recording root length, leaf length and width, fresh weights of roots and shoots were oven-dried at 70°C for 48 h and dry weights were recorded.
Ion composition estimation
After harvesting the plant samples, while washing with distilled water for 48 h at 70°C were dry. Then the contents of mineral elements in plant root and shoot were determined. The contents of Na + and K + in the mineral extract were then determined using a flame photometer. The concentrations of calcium and magnesium were determined by atomic absorption. The ratio of K + /Na + and Ca 2+ /Na + were made to evaluate salt tolerance. Chloride was determined by titration with 0.1 N AgNo3, with 5% K2CrO4 as indicator after samples of oven-dried was extracted in demineralization water for 30 min.
Leaf proline estimation
Extraction and estimation of proline were conducted according to the procedures described by Bates et al. (1973) . Plant material, 0.05 g per sample, was homogenized in 10 ml of 3% (w/v) aqueous sulphosalicylic acid then; the homogenate was filtered through Whatman No. 2 filter paper. Two milliliters of filtrate was then mixed in a test tube with 2 ml acid ninhydrin solution and 2 ml glacial acetic acid, and incubated in a 100°C water bath for 1 h. The reaction was terminated by placing the mixture in an ice bath. It was then extracted with 4 ml toluene and the chromophore phase aspirated from the aqueous phase. The absorbance was read at 520 nm using a spectrophotometer. Concentrations of proline in the leaf are expressed on a DW basis.
Leaf total soluble sugars estimation
The total soluble sugars were measured using the phenol-sulfuric acid. To measure leaves' total soluble sugars from the solution of 5% ZnSO4, 0.3 N Ba(OH)2, 5% (v/v) phenol solution and sulfuric acid was used based on Stewart method. Finally, absorption was read at 485 nm by spectrophotometry (Stewart, 1989) . Concentrations of total soluble sugars in the leaf are expressed on a DW basis.
Statistical analysis
Statistical calculations were done by SPSS 16 software. Mean values and significance were determined by Duncan ' s multiple range tests at 5% probability level.
RESULT

Growth and morphology
In studying the effects of different salinity treatments resulting from natural saline water on physiological specification of E. amoenum, it was observed that the effect of different amounts of salinity on all specifications under study was meaningful at the level of 0.01, except for root length (p ≤ 0.05) ( Table 2) . By increasing salinity in irrigation water, the root length decreased. The process of changes in the root length resulting from content treatment up to 3 dS m -1 salinity had an increasing pattern. However, this increase was not statistically significant and after that showed a decreasing trend (Figure 1 ). The leaves area experienced decreasing trend by the increase of salinity, of course in 3 dS m -1 treatment compared with the control treatment (usual water), the leaf area increased a little. But the increase was statistically non-significant (Figure 1 ). Dry and wet root's weight and weight of aerial parts decreased like other features by the increase of salinity of water. The least level of the aforementioned specifications was seen in 12 dS m -1 treatment. Also, these specifications increased in 3 dS m -1 treatment compared with the control group but it showed no statistical significance (Figure 1) .
Ion content
The effect of increasing levels of salinity on ions uptake and concentration in root and aerial parts of E. amoenum was significant (Table 2) .
Increasing salt levels caused a significant increasing effect (p ≤ 0.001) on Na + and Cl -concentrations of both shoots and roots of E. amoenum (Table 2 ). The concentration of both ions in shoots and roots increased with increasing levels of salt and they were maximal at the 8768 Afr. J. Biotechnol. ). However, concentrations of Na + and Cl -were considerably higher in the aerial parts than that in the roots; the accumulation of Cl -in the shoots was markedly higher than that of Na + (Figure 2) . A progressive decrease in concentrations of K + , Mg 2+ and Ca 2+ in both shoots and roots of E. amoenum was found with increase in concentration of salt (Figure 2) . However, concentrations of these ions were considerably more in the aerial parts than those in the roots at all external salt levels. Although, a significant decrease in root K + , Mg 2+ and Ca 2+ at external salt levels was found with respect to those at (non-saline) control treatment, the concentrations of the root ions did not vary significantly at all three external salt levels (Figure 2 ). There was a consistent decrease in K + /Na + and Ca 2+ /Na + ratios in the aerial parts and roots of E. amoenum with increase in salt level, E. amoenum maintained considerably higher K + /Na + and Ca 2+ /Na + ratios in the aerial parts than those in the roots (Figure 3 ).
Proline content
Leaf proline content increased significantly with increasing salinity (p ≤ 0.01) ( Table 2 ), so that the maximum amount in proline was observed at highest level of salinity, that is, 12 dS m 
Total soluble sugars content
Total soluble sugars content of the leaves (p ≤ 0.001) increased significantly with increasing salinity levels ( Table 2) . Also, the most content was observed at the highest level of salinity, (12 dS m -1
) and the lowest was related to the control treatment (Figure 3 ).
DISCUSSION
Increasing salinity levels causes a significant decrease in vegetative growth of E. amoenum, in which the morphological changes are probably caused by the reductions in turgor pressure within the cells that restricted cell expansion (Jampeetong and Brix, 2009) ; consequently, the expansion of leaf area is reduced.
Reduction in plant growth has also been attributed to reduced water absorption due to osmotic effect, nutritional deficiency on account of ionic imbalance and decrease in many metabolic activities (Kumar et al., 2005) . It appears that the decreased root and shoot fresh weight is due to the reduced water absorption, which in turn causes a reduction in the amount of water in plant tissue (Prado et al., 1995; Sharma et al., 2004) . Moradi and Ismail (2007) found that the cause of decrease of production of dry plant in saline conditions created by irrigation water salinity increased energy costs, reduced carbon capture and photosynthesis per unit leaf area. The results show that all growth characteristics in treatments 3 dS m -1 compared with control plants had a slight increase, the increase in plant growth and production of shoot and root indicates the significance and necessity of having a suitable level of absorbing water and minerals in stress conditions, which are accompanied by production lateral roots (Poljakoff and Lerner, 1994) .
In this study, increasing salinity led to a significant increase in the concentration of Na + and Cl -and also reduced the concentration of K + , Ca 2 + and Mg 2+ in aerial parts and roots of E. amoenum, though, increased ions Na + and Cl -in the aerial parts were more than that in the roots. Accumulation of Na + and Cl -in leaves may be responsible for more negative water potential and osmotic potential values of shoots; this pattern increases with increase in salinity (Hameed and Ashraf, 2008) . Chloride ion concentration also was markedly higher than that of sodium ions. Such pattern of accumulation of the toxic ions has earlier been reported in other plant species (Munns, 2002; Grewal, 2010) . Also, the results show that the sodium ion concentration in root has increased up to 3 dS m -1 by the increase of salinity, but in higher salinity this trend is not significant. This shows the limited capacity of root in keeping and storing sodium, in such a way that by the increase of salinity, the capacity of sodium preservation in root becomes saturated and full (Naeini et al., 2004) . Also, it was seen that the accumulation of sodium ion in some salinity levels in root is more than that of aerial parts. Probably, E. amoenum resists and tolerates salinity because of limited Na + transfer from roots to aerial parts. Zandstra-Plom et al. (1998) announced that internal sodium recycling mechanisms plays an effective role in Na + concentration increase in roots. Also, it was reported that the lower Na + transfer from roots to aerial parts in many varieties increases tolerance considerably (Munns et al., 2006) . Darvishi et al. (2009) announced that root's cells may help the salinity tolerance through concentrating nutrient elements in their protoplasm. The increase of Na + causes the decrease of other cations and it imbalances the cation balance of the plants. This increase causes the decrease of K + , Ca 2+ and Mg 2+ in root and aerial part of E. amoenum. Na + accumulation causes a meaningful decrease in K + concentration. In Ramezani et al. 8771 many studies, the cause of potassium decrease has been reported to be due to the existence of antagonistic relationship between sodium and potassium (Zhu, 2001; Meloni et al., 2008) . El-Hendawy et al. (2005) observed that decrease of potassium attraction may be related to the salt tolerance of plant. However, the rate of reduction of K + in roots was far more than that of the aerial parts. These results can be attributed to: (1) transfer of K + from roots to leaves; (2) an exchange of K + ions with Na + ions in root tissues; (3) direct interference of Na + with K + uptake (Ramoliya et al., 2004) . In fact, a few amount of potassium that has entered root is transferred to the aerial part for being used in metabolism and osmotic adjustment process, which causes a decrease in potassium in the roots.
It has been generally observed that plants exposed to saline environment take up high amounts of Na + , whereas the uptake of K + , Ca 2+ and Mg 2+ is significantly reduced.
Calcium is important during salt stress, for example, in preserving membrane integrity (Rengel, 1992; Ashraf and Orooj, 2006) , signalling in osmoregulation (Mansfield et al., 1990) and influencing K + /Na + selectivity (Cramer et al., 1987) . It was reported that the decrease of calcium attraction under saline conditions is because of the increase in Na + /Ca 2+ ratio, this also limits the root's growth (Orcutt and Nilsen, 2000; Garcia-Sanchez et al., 2002) .
In addition to the role of Mg 2+ in chlorophyll structure and as an enzyme cofactor, another important role of Mg 2+ in plants is the export of photosynthates, which is impaired and leads to enhanced degradation of chlorophyll in Mg 2+ deficient source leaves, resulting in increased oxygenase activity of RuBP carboxylase (Ramoliya et al., 2004) .
Salinity stress also leads to gradual reduction of magnesium ion concentration, so that changes in the shoot only at the highest level of salinity are significantly different from the control. The findings are consistent with Ramoliya et al. (2004) . K + /Na + and Ca 2+ /Na + ratios decreased consistently in the aerial parts and roots of E. amoenum with increase in salt level, both ratios were markedly higher in aerial parts when compared with those in roots. Reductions in these ratios in plants due to salinity have also been reported in other studies (Ashraf and Orooj, 2006; Safavi and Khajehpour, 2007; Grewal, 2010) . Benlloch et al. (1994) stated that the increase of sodium ions in the root environment decreases uptake of potassium ions and lowers K + /Na + ratio. Safavi and Khajehpour (2007) also studied the effect of soil salinity on crop borage and Echium and stated that with increasing soil salinity, sodium levels increased in both plants, while K + and Ca 2+ contents and K + /Na + ratio of aerial parts reduced in both plants. These results are consistent with our findings. Grewal (2010) was greater than 1. This amount was the minimum level suggested for normal functioning of most mesophytes under saline conditions (Wyn Jones, 1981) . It was observed that the osmotic adaptation in plants exposed to salinity can take place by accumulation of high concentration of inorganic ions or solutions with low molecular weight. Compatible solutions are low molecular weight, highly soluble compounds that are usually nontoxic at high cellular concentrations. Generally, they protect plants from stress in different ways, including contribution to cellular osmotic adjustment, detoxification of reactive oxygen species, protection of membrane integrity and stabilization of enzymes/proteins (Ahmad et al., 2008) .
In this study, proline concentration in the leaf of E. amoenum was increased with increasing salinity, particularly at the highest external salt level, thus, showing the positive role of proline in the salt tolerance of this crop. Proline, as a signaling/regulatory molecule, can activate multiple responses, which are component to the process of adaptation to abiotic stresses including salt stress (Ashraf and Orooj, 2006) . Increase in proline under salinity has also been reported in some medicinal plants (Hajar et al., 1996; Munns., 2002; Ashraf and Orooj, 2006; Abdul Jaleel et al., 2007) . Leaf soluble sugars considerably increased in response to the increase in salinity. Accumulation of soluble carbohydrates in response to environmental stress has been widely reported despite specific reduction in net CO 2 assimilation levels (Chaves et al., 2003; Meloni et al., 2008) . Sugars, in addition to the role of regulating osmotic balance, also act as the metabolic signals in the stress conditions (Chaves et al., 2003) .
Conclusion
High concentrations of salt on the roots bring down the soil water potential and available water (Fornes et al., 2007; Jampeetong and Brix, 2009 /Na + ratio) within plant system under salt stress highly contributed to the reduction of water uptake and plant growth (Grewal, 2010) .
The results showed that the accumulation of proline and soluble sugars is a good indicator for salinity tolerance of this plant. Also maintaining of high K + /Na + and Ca 2+ /Na + ratios by the E. amoenum is an important mechanism for salt tolerance. So this plant through osmotic adjustment and ion uptake and compartment within the cells resists against salt. This process is essential for plant survival in saline conditions.
